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BACKGROUND OF THE INVENTION 


P The present invention provides devices and methods for the drug delivery by a 

\U ... 

covered coiled stent during therapeutic and diagnostic procedures, particularly within the 

2* vascular system for the treatment of cardiovascular and peripheral vascular disease, such as 

Ul 15 vascular stenoses, dissections and other tissue separation conditions, aneurysms, and the like. 

\\ The apparatus and methods, however, are also useful for placement in other body lumens, 

f such as the ureter, urethra, biliary tract, gastrointestinal tract and the like, for the treatment of 

Oj other conditions which may benefit from the introduction of a drug along with a reinforcing 

or protective structure within the body lumen. The prostheses will be placed endoluminally. 

M 20 As used herein, "endoluminally" will mean placement by percutaneous or cutdown 

procedures, wherein the prosthesis is transluminal^ advanced through the body lumen from 
a remote location to a target site in the lumen. In vascular procedures, the prostheses will 
typically be introduced "endovascularly" using a catheter over a guidewire under 
fluoroscopic guidance. The catheters and guidewires may be introduced through 
25 conventional access sites to the vascular system, such as through the femoral artery, or 
brachial and subclavian arteries, for access to the target site. 

An endoluminal prosthesis typically comprises at least one radially expansible, 
usually cylindrical, body segment. By "radially expansible," it is meant that the body 
segment can be converted from a small diameter configuration (used for endoluminal 


placement) to a radially expanded, usually cylindrical, configuration which is achieved when 
the prosthesis is implanted at the desired target site. The prosthesis may be non-resilient, 
e.g., malleable, thus requiring the application of an internal force to expand it at the target 
site. Typically, the expansive force can be provided by a balloon catheter, such as an 
5 angioplasty balloon for vascular procedures. Alternatively, the prosthesis can be self- 
expanding. Such self-expanding structures may be provided by a temperature-sensitive 
superelastic material, such as Nitinol, which naturally assumes a radially expanded condition 
once an appropriate temperature has been reached. The appropriate temperature can be, for 
example, a temperature slightly below normal body temperature; if the appropriate 

10 temperature is above normal body temperature, some method of heating the structure must be 
used. Another type of self-expanding structure uses resilient material, such as a stainless 
steel or superelastic alloy, and forming the body segment so that it possesses its desired, 
radially-expanded diameter when it is unconstrained, e.g., released from radially constraining 
forces of a sheath. To remain anchored in the body lumen, the prosthesis will remain 

1 5 partially constrained by the lumen. The self-expanding prosthesis can be delivered in its 

radially constrained configuration, e.g. by placing the prosthesis within a delivery sheath or 
tube and retracting the sheath at the target site. Such general aspects of construction and 
delivery modalities are well-known in the art. 

The dimensions of a typical endoluminal prosthesis will depend on its intended use. 

20 Typically, the prosthesis will have a length in the range from 0.5 cm to 1 0 cm, usually being 
from about 0.8 cm to 5 cm, for vascular applications. The small (radially collapsed) diameter 
of cylindrical prostheses will usually be in the range from about 1 mm to 10 mm, more 
usually being in the range from 1 .5 mm to 6 mm for vascular applications. The expanded 
diameter will usually be in the range from about 2 mm to 50 mm, preferably being in the 

25 range from about 3mm to 1 5mm for vascular applications and from about 25 mm to 45 mm 
for aortic applications. 

One type of endoluminal prosthesis includes both a stent component and a graft-type 
covering component. These endoluminal prostheses are often called stent grafts. A stent 
graft is typically introduced using a catheter with both the stent and graft in contracted, 

30 reduced-diameter states. Once at the target site, the stent and graft are expanded. After 
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expansion, the catheter is withdrawn from the vessel leaving the stent graft at the target site. 
Grafts may be made of, for example, PTFE, ePTFE or Dacron^ polyester. 

Grafts are used within the body for various reasons, such as to repair damaged or 
diseased portions of blood vessels such as may be caused by injury, disease, or an aneurysm. 
5 It has been found effective to introduce pores into the walls of the graft to provide ingrowth 
of tissue onto the walls of the graft. With larger diameter grafts, woven graft material is 
often used. In small and large diameter vessels, porous fluoropolymers, such as ePTFE, have 
been found useful. 

Coil-type stents can be wound about the catheter shaft in torqued compression for 
10 deployment. The coil-type stent can be maintained in this torqued compression condition by 

securing the ends of the coil-type stent in position on a catheter shaft. The ends are released 
^ by, for example, pulling on wires once at the target site. See, for example, U.S. Patent Nos. 

'41 5,372,600 and 5,476,505. Alternatively, the endoluminal prosthesis can be maintained in its 

xz reduced-diameter condition by a sleeve; the sleeve can be selectively retracted to release the 

Jt; 1 5 prosthesis. A third approach is the most common. A balloon is used to expand the prosthesis 
yj at the target site. The stent is typically extended past its elastic limit so that it remains in its 

expanded state after the balloon is deflated and removed. One balloon expandable stent is 
t" the Palmaz-Schatz stent available from the Cordis Division of Johnson & Johnson. Stents 

H are also available from Medtronic AVE of Santa Rosa, California and Guidant Corporation 

X 3. 

'it 20 of Indianapolis, Indiana. 

SUMMARY OF THE INVENTION 
A covered, coiled drug delivery stent includes a coiled, radially-expandable stent 
body comprising an outer surface. A porous covering overlies the outer surface. The drug is 
25 associated with the porous covering in one of several ways. One way is for the porous 

covering and drug to form a porous covering/drug matrix. Other ways include having the 
drug be a layer above or below the porous covering. Some type of structure may be used to 
delay the migration of the drug to the patient. One way of doing so is to use a protective 
layer, which covers the stent body, porous covering, and drug. The protective layer may be 
30 removed, either by being biodegradable, or by being at least partially pulled off of the 


3 



structure. The drug may be an integral part of a biodegradable material so that the drug is 
exposed only when the biodegradable material biodegrades. The drug may also be housed 
within biodegradable micro encapsulation material. 


5 Another aspect of the invention is directed to a method for delivering a drug to a 

patient. The method can be carried out by directing a covered, coiled, drug-delivery stent, 
including a drug associated with a porous covering which overlies a coiled, radially- 
expandable prosthesis, to a target site. This is followed by waiting for the protective 
material, which is shielding the drug, to be effectively removed from the stent subassembly, 
10 thereby exposing the drug. The drug is then permitted to migrate from the stent subassembly 
for interaction with the patient, 
p A primary advantage of the invention is that it provides for drug delivery using a 

r; covered stent in a manner, which is very flexible. This flexibility is at least in part provided 

4* by the coiled nature of the stent used. This permits, for example, vascular sidebranch access 

01 1 5 for drug delivery which otherwise would not be possible. 

^ Other features and advantages of the invention will appear from the following 

•s description in which the preferred embodiments have been set forth in detail in conjunction 

iL.iL 

hj with the accompanying drawings. 

p 20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a stent blank used to create a coiled stent such as those shown in 
Figs. 3, 4 and 5A; 

Figs. 1 A-l D illustrate four additional designs of stent blanks; 
Fig. 1 E shows a coiled stent made from the stent blank of Fig. 1 B; 
25 Fig. 2 illustrates a stent blank similar to that of Fig. 1 but having different thickness 

along its length; 

Fig. 3 illustrates a stent graft in a radially expanded condition, the stent graft 
including a stent similar to that shown in Fig. 1 covered with a sleeve of porous graft 
material, the stent graft having a central turn with a greatly increased pitch for placement at a 
30 branching intersection; 
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Fig. 4 illustrates a stent graft similar to that of Fig. 3 but in which one end of the stent 
graft has much greater radially expanded diameter than the other portion to accommodate a 
vessel having different internal diameters; 

Fig. 5 illustrates an alternative embodiment to the stent graft of Fig. 3 in which the 
5 stent graft has a large expanded diameter and also has the one turn with the greater pitch at 
one end of the stent graft; 

Fig. 5A shows a stent graft similar to that of Fig. 3 but with generally evenly-spaced 

turns; 

Figs. 5B and 5C illustrate stent grafts made from the stent blank of Fig. 1C; 
10 Figs. 5D-5I are three enlarged, partial cross-sectional views of three different 

covered, coiled drug-delivery stents; 
r% Fig. 6 A is an overall view of the distal end of a three-shaft deployment catheter used 

jf; to deploy the stent grafts of Figs. 3-5; 

"3.5 

4* Fig. 6B is an end view of the shafts of 6A; 

1 5 Fig. 6C is an embodiment similar to the catheter of Fig. 6A but including only inner 

and outer shafts; 

Fig. 6D illustrates a proximal end adapter mounted to the proximal end of the catheter 

'Hash 

m of Fig. 6C; 

r- Fig. 6E illustrates an alternative embodiment of the catheter of Fig. 6C; 

p 20 Figs. 6F and 6G are simplified side and cross-sectional views of a further alternative 

embodiment of the catheter of Figs. 6A and 6B; 

Fig. 7 A illustrates the stent graft of Fig. 3 tightly wrapped about the distal end of the 
catheter of Figs. 6 A and 6B and placed within a vessel with the intermediate portion of the 
stent graft at the intersection of the main and branching vessels; 
25 Fig. 7B illustrates the release of the proximal half of the stent graft; 

Fig. 7C illustrates the release of the distal half of the stent graft prior to the removal 
of the catheter shafts; 

Fig. 7D illustrates the stent graft of Fig. 5C tightly wrapped about a placement 
catheter; 
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Fig. 7E illustrates the stent graft of Fig. 7D with the distal end of the stent graft 
released from the catheter and the proximal end of the stent graft releasably secured to the 
catheter at two positions; 

Figs. 8 and 9 illustrate the placement of radiopaque marks at different positions along 
5 a coiled ladder-type stent having a central turn with a greatly increased pitch; 

Fig. 1 0 illustrates one example of a radiopaque marker shaped to permit the 
determination of the orientation of the prosthesis as well as its location; and 

Fig. 1 1 illustrates of the stent graft of Fig. 5B within the true lumen of the aortic arch 
at the entry of an aortic dissection, an alternative aortic dissection being shown in dashed 
10 lines. 


DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
Fig. 1 illustrates a stent blank 104 used to create a coiled stent similar to that shown in 
Figs. 3, 4 and 5 A. Stent blank 104 includes a main body portion 106 and first and second 

5 end portions 108. Main body portion 106 includes side edge or rail elements 1 10 connected 

yi 

yp by connector or rung elements 1 1 2. Rung elements 1 1 2 are, as shown in Fig. 1 , at an angle 

S| to rail elements 1 1 0 so that when stent blank 1 04 is formed into a coiled stent and tightly 

H wrapped about an introducer catheter, such as in Fig. 7A, rung elements 1 1 2 are axially- 

JjJ extending so that they lie flat for a tighter wrap. 

tff 20 End portions 1 08 are thinner and thus more flexible than main body portion 1 06. In 

o 

Q addition, end portions 108 have an inwardly tapering portion 1 14 terminating at a blunt tip 

115. The shape of end portions 108 and the lessened stiffness of the end portions, compared 
to body portion 106, help to prevent tissue trauma during use. This type of coiled stent in 
which the end portions 108 are less stiff than the main body portion 106 can find particular 
25 utility in stabilizing a traumatic injury site within a patient, such as in the case of a dissection, 
flap or false lumen. End portion 108 could also be stiffer than main body portion; this 
embodiment may be useful, for example, when treating occlusive disease on either side of a 
branch vessel. 

Fig. 2 illustrates a stent blank 104A similar to stent blank 104 of Fig. 1 but in which 
30 main body portion 106A has three different radial stiffnesses. That is, main body portion 
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106A has a first, central longitudinal section 1 1 6 of a first, greater stiffness, and second and 
third longitudinal sections 118, 120 on either side of first section 1 16. Sections 118, 120 are 
successively thinner and thus have successively lower radial stiffnesses when stent blank 
104A is formed into a coiled stent. End portion 108A acts as the fourth longitudinal section 
5 with the least radial stiffness of any of the sections in this embodiment. Instead of a set of 
generally discrete radial stiffnesses, the radial stiffness could vary continuously along at least 
part of the length of stent blank 104A, and then along the resulting stent body. 

In addition to providing less traumatic end portions 108, 108A, a coiled prosthesis 
formed from either of stent blanks 104, 104A, when uncoiling, will have a tendency to open 
10 up first in the center, because of the greater stiffness at the center, followed by the ends. This 
helps to reduce the degree to which the end portions 1 08, 1 08A are dragged along the surface 
of the vessel or other hollow body structure as the prosthesis is released, 
yh Figs. 1 A-l D illustrate four different designs of stent blanks 1 04B-1 04E. Each of 

»2 these different stent blanks has at least three rail elements 1 10 with connector or rung 

~i 1 5 elements 1 1 2 extending between the rail elements. In the Figs. 1 A-l C embodiments 
4 s i connector elements 1 1 2 are aligned while in the 1 D embodiment they are offset. The angles 

_/ of connector elements 1 1 2 are such that when the stent blanks are formed into a tight coil 

M during introduction, connector elements 1 12 are generally axially extending so they lie flat 

ni 

§~I for a tighter wrap. Fig. 1 E illustrates a coiled stent 1 05C made from stent blank 1 04C with 

20 one or more radiopaque markers 121 used to facilitate deployment. Stent blanks 104B-104E 
G are relatively wide so to increase the radial force the coiled stents can apply to the walls of 

the hollow body organ within which they are to be placed. It has been found that reducing 
the number of turns for a stent graft having the same axial length helps to increase the user's 
control of the stent graft during placement. This is important in certain situations, such as 
25 when treating a dissection, in particular a vascular dissection such as the aortic dissection 
shown in Fig. 1 1 and discussed below. Also, as discussed above, the ends of stent blanks 
104B-104E may be rounded or thinned in shape to cause a reduction in the radial force 
applied at the ends of the stent to help prevent vessel deformation at the ends of the stent. 

Figs. 3, 4, 5 and 5A illustrate four stent graft embodiments 122, 122A, 122B, 122C. 
30 Stent graft 122 includes a ladder-type coiled stent formed from stent blank 104 and covered 
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with tubular graft material 124. Graft material 124 is preferably porous PTFE or ePTFE or 
Dacrorr polyester. The ends 126 of graft material 124 are sealed, or for example, by using 
an adhesive or by placing a suitable heat seal material, such as FEP (fluorinated ethylene 
propylene) or other thermoplastic materials, between the layers of the graft material 124 and 
5 applying heat and pressure. The porous nature of the graft material permits sealing in this 
manner in spite of the inert nature of PTFE. In addition, a direct bond of the PTFE to itself, 
via a process known as sintering, may be employed. Other methods for sealing ends 1 26 
could also be used. 

The stent grafts of Figs. 3-5C may be constructed for use as a drug delivery devices, 
1 0 if desired. Such covered, coiled drug delivery stents may be constructed in several ways as 
shown in Figs. 5B-5I. Figs. 5D-5I are greatly enlarged cross-sectional views taken through 
covered, coiled drug delivery stents 145 - 145E, such as those of Figs. 3-5C. Fig. 5D 
illustrates a stent wall 1 39, having an outer surface 139A, covered by a porous covering 141 , 
the porous covering covered by a protective coat 143. The porous covering, in this 
1 5 embodiment, is made of a porous covering/drug matrix, preferably using ePTFE as the 
4} porous covering. Protective coat 143 is preferably a biodegradable polymer. When the 

~;Z covered, coiled drug delivery stent 145 is in place within a patient, protective coat 143 beings 

G to degrade so that after a period of time, the drug begins migration from the matrix to the 

5 i"s 

■jj patient. 

20 Fig. 5E discloses a further embodiment of the covered, coiled drug-delivery stent 

f»!- 145 A, with like references referring to like elements. Porous covering 141 A in the 

embodiment of Fig. 5E is made of ePTFE, covered by a drug layer 147, which in turn is 
covered by protective coat 143. In the Fig. 5F embodiment, the arrangement of porous 
□ covering 141 A and drug layer 147 is reversed from that of Fig. 5E so that drug layer 147 is 

25 between stent wall 139 and porous covering 141 A. In each of these situations, the drug is 

permitted to migrate from the stent 145, MSA, MSB, for interaction with the patient after the 
protective coat 143 has sufficiently degraded to expose the drug. Porous covering 141 is 
sufficiently porous to permit the drug to pass therethrough in the embodiments of Figs 5D 
and 5F. Figs. 5G, 5H and 51 illustrate embodiments similar to Figs. 5D, 5E and 5F but with 
30 protective coat 143 removed. 


Drug layer 147 may include various types of therapeutic and diagnostic 
pharmaceuticals including, for example, NO generators, paclitaxel, statins, taxol, heparin in 
its various forms, i.e., low molecular weights, thienopyridines, glycoprotein Ilb/IIIb 
inhibitors, antiplatelet agents, antithrombins, fibrinolytics, anticoagulants, thrombolytics, 
5 abciximab, rapamycin, hirudin, VEGF, Hirulog, ticlopidine and clopidogrel. Stents 145, 

145A or \ 45B are made to deliver drug to the patient by directing the drug delivery stent to a 
target site within the patient, waiting for a protective material, initially shielding the drug, to 
be effectively removed from the stent, thereby exposing the drug. This is followed by 
permitting the drug to migrate from the stent for interaction with the patient. 

10 Coiled stent graft 122 includes a number of spaced apart turns 128 defining a 

generally helical gap 1 30 therebetween. The average width of helical gap 1 30 is equal to 
about 0% to 1 200% of the average width of turns 1 28. For some applications the average 
width of gap of 1 30 is about 50% to 800% of the average width of turns 1 28 when stent graft 
1 22 is deployed. For other applications, such as placement at dissections discussed below, 

1 5 gap 1 30 is closed, that is about 0%. 

Stent graft 1 22 has a generally constant pitch except at its central region. The pitch of 
a central turn 132 of stent graft 122 is substantially greater than the pitch of its adjacent turns 
128 to accommodate placement of stent graft 122 at the intersection of a main or first vessel 
and a branching vessel as will be discussed in more detail with reference to Figs. 7A-7C. 

20 Fig. 4 illustrates a stent graft 122A in which a central turn 132A also has an increased 

pitch as opposed to adjacent turns 128A. However, the turns on one side of central turn 
1 32A have a larger fully-expanded diameter than turns on the other side to accommodate 
transition between smaller and larger diameter vessels. 

Fig. 5 illustrates a stent graft 122B designed for placement with the end turn 134 

25 having a substantially greater pitch than its adjacent turn 128B. Stent graft 122B is used 

when one end of the stent graft is to be positioned at the intersection of main and branching 
vessels so that the stent graft extends to one side of the intersection as opposed to both sides 
as in the embodiments of Figs. 3 and 4. Fig. 5A illustrates stent graft 122C, which may be 
used at locations other than bifurcations, having generally uniformly spaced turns 128C. 
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Figs. 5B and 5C illustrate stent grafts 122C, 1 12D each made from stent blank 104D 
of Fig. 1C. Stent grafts 122C, 122D are designed and intended to have the edges 135 of 
adjacent turns 1 37 adjacent to one another. Such stent grafts as Figs. 5B and 5C are intended 
for use in treating aortic dissections. The combination of having the width of each turn being 
relatively wide compared to the diameter when in the radial expanded condition, plus the use 
of abutting or overlapping adjacent edges, combine to make such a stent graft useful when 
full surface coverage and reasonably higher outward radial force are desired. The width of 
turns 1 37 is measured perpendicular to edges 1 35. Also, fewer turns can make the stent graft 
easier to control and require fewer rotations of shafts 138, 142 prior to release from catheter 
1 36. Stent grafts 1 22C, 1 22D may be characterized by having an average diameter to turns- 
width ratio, when in their radially expanded conditions, from about 0.1 to 1 to about 2.4 to 1 . 
Stent grafts 122C, 122D may also be characterized by having an average turns-width to stent 
graft length ratio, when in their radially expanded conditions, from about 1 to 1 to about 1 to 
4. In some situations it may not be necessary or desired to have connectors 1 12 be axially 
extending when in the tightly wound, radially contracted condition. In some cases 
connectors 1 1 2 could be replaced by other shapes of connectors, such as wave- or 
undulating-shaped connectors, v-shaped connectors, x-shaped connectors, etc. 

Figs. 6A-6B illustrate a catheter 1 36 used for deploying the stent grafts of Figs. 3 and 
4. Catheter 136 includes outer, intermediate and inner rotating, telescoping shafts 138, 140, 
142 each having a distal end 144, 146, 148. Each of the shafts has a prosthesis portion holder 
150, 150A, 150B at its distal end 144, 146, 148. Prosthesis portion holders 150, 150A, 150B 
include pull wires 152, 152A, 152B which pass along axially-extending lumens 154, 154A, 
154B formed in the body of shafts 138, 140, 142, out of exit holes 156, 156A, 156B, across 
gaps 158, 158A, 158B and back into reinsertion openings 160, 160A, 160B. Pull wires 152, 
1 52A, 1 52B pass through and engage different portions of, for example, stent graft 1 22 and 
secure those portions of the stent graft to shafts 138, 140, 142. As shown in Fig. 7A, 
prosthesis portion holder 150B at distal end 148 of inner shaft 142 engages the distal end 166 
of stent graft 1 22. Holders 1 50, 1 50A at distal ends 144, 144A of outer and intermediate 
shafts 138, 140 engage proximal end 168 and central turn 132 of stent graft 122, respectively. 
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One or more of shafts 1 38, 140, 142 may be braided to enhance torquing stiffness to aid 
rotation. 

Fig. 6C illustrates the distal end of a catheter 136A including only two shafts, outer 
shaft 138A and inner shaft 142A. Catheter 136A is typically used when placing an 
5 endoluminal prosthesis of the type which does not have a central turn with an increased pitch, 
such as those of Figs. 5, 5A, 5B and 5C, and thus does not need a catheter with an 
intermediate shaft. 

Figs. 6D illustrates, in a simplified form, a proximal end adapter 170 mounted to the 
proximal end of catheter 136A of Fig. 6C. Proximal end adapter 170 includes distal and 
1 0 proximal portions 1 72, 1 76 through which catheter 1 36A passes. Proximal end adapter 1 70 
provides for the rotation of either or both shafts 138A, 142 A through the manipulation of 
thumb wheel 1 74 mounted to portion 1 76. A flip lever 1 75 extends from distal portion 1 72 
%0 and is movable between secured and released positions to either secure shafts 1 38A, 142A to 

one another or to permit shafts 1 38A, 1 42A to move axially relative to one another. Pull 
1 5 wires 1 52, 1 52B are normally secured to their respective shafts 1 38A, 142A by deployment 
yp knobs 1 78, 1 80; pulling on deployment knobs 1 78, 1 80 releases pull wires 1 52, 1 52B, 

" respectively to permit the pull wires to be pulled to release the endoluminal prosthesis from 

H= the appropriate holder 1 50, 1 SOB. 

n I 

JU Figs. 6F and 6G illustrate a further three-shaft embodiment of the invention similar to 

«: 20 the three -shaft embodiment of Figs. 6A and 6B. Instead of using lumens 1 54 to house pull 
Q wires 1 52, tubular members 1 62, 1 62A, 1 62B, typically hypotubes, could be secured to the 

outside of the shafts 138B, MOB, 142B. Gaps or breaks are provided at the distal ends of 
hypotubes 162, 162A, 162Bto define the gaps 158, 158A, 158B. 

Fig. 7A shows stent graft 1 22 of Fig. 3 tightly wrapped about catheter 1 36. Distal 
25 end 166, proximal end 168 and central turn 132 of stent graft 122 are secured to distal ends 
148, 144 and 146 of inner, outer and intermediate shafts 142, 138 140 by prosthesis portions 
holders 1 50. Stent graft 1 22 is housed within a main vessel 1 82 with central turn 1 32 aligned 
with the intersection 1 84 of main vessel 1 82 and branching vessel 1 86. To help ensure 
proper placement of central turn 132 at intersection 184, stent graft 122 has one or more 
30 remote visualization markers at or adjacent to turn 1 32. Radiopaque markers 1 88, 1 90 1 92 


11 


# 


are shown in Fig. 8 at distal, intermediate and proximal portions of the central turn 194 of 
stent 196. Radiopaque markers may be shaped to provide information as to both location and 
orientation of stent 1 96 on the catheter. For example, radiopaque marker 1 90A of Fig. 9 has 
a broad central portion 190B extending between rail elements 1 10 and arm portions 190C 
5 extending along rail elements 1 10; this permits marker 190A to provide both location and 
orientation information about stent 196A. Orientation marker 190A is configured so that the 
viewer can determine whether the turn is facing the viewer or is away from the viewer based 
upon the marker's orientation. Various other marker shapes to provide both location and 
orientation can also be used. 
10 Radiopaque markers may also be used on the placement catheter itself. For example, 

radiopaque markers 191, 193, 195 are used on shafts 138B, HOB, 142B aligned with their 
« % respective holders 150, 150A, 150B, as shown in Fig. 6F, to indicate the location of the 

4s- holders. Radiopaque marker 193 is shown to be configured as an orientation specific marker 

jl to help in the proper placement of the prosthesis. Fig. 1 0 illustrates the shape of an 

" 1 5 orientation-specific radiopaque marker 1 97 which could be placed, for example, on shafts 
4t 1 38, 1 40, 1 42 at one or more of the holders 1 50 of the embodiments of Figs. 6A, 6C and 6E. 

Radiopaque or other remote visualization markers may also be used at other positions along 
Jf; the endoluminal prosthesis, such as at each end, or along the placement catheter. 

Mb Fig. 7B illustrates the release of proximal end 168 of stent graft 122 while Fig. 7C 

'it 20 illustrates the subsequent release of distal end 1 66 of stent graft 1 22. It should be noted that 
O central turn 132 remains secured to intermediate shaft 140 while the distal and proximal ends 

1 66, 1 68 of stent graft 1 22 are released to ensure that the open region of central turn 1 22 
remains facing intersection 184 to help ensure substantially unrestricted fluid flow between 
main vessel 1 82 and branching vessel 1 86. It should also be noted that prior to releasing the 
25 stent graft, the number of turns can be increased or decreased by the relative rotation of 

shafts 1 38, 140 and 142. Also, the length of stent graft 1 22 can be changed by the relative 
axial sliding motion among outer, intermediate and inner shafts 138, 140, 142. For example, 
instead of simply releasing proximal end 168 of stent graft 122 to the position shown in Fig. 
7B, it may be desired to rotate outer shaft relative to intermediate shaft 140, keeping 
30 intermediate and inner shafts 140, 142 stationary so to unwind the proximal half of the stent 
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graft to ensure that the stent graft is properly positioned prior to releasing the stent graft. 
Similarly, both outer shaft and inner shafts can be rotated while maintaining intermediate 
shaft stationary to create the expanded diameter condition of Fig. 7 prior to releasing any 
portion of the stent graft. In this way the physician can ensure that stent graft 1 22 is properly 
positioned, especially with respect to central turn 132. If necessary or desired, intermediate 
shaft 140 could be, for example, rotated relative to outer and inner shafts 138, 142 to help 
properly position or reposition central turn 132. 

Fig. 7A also shows how by properly selecting the angle of connector elements 1 12 
relative to side elements 1 10 for a placement catheter of a particular outside diameter, 
connector elements 1 12, indicated by dashed lines in Fig. 7A, will lie generally parallel to the 
axis of stent graft 1 22. This permits connector element 1 1 2 to lie closer to catheter 1 36, to 
provide a much smoother wrap when in its contracted, reduced-diameter state, than would 
result if connector elements were not generally parallel to the axis in such a state. This axial 
orientation can be contrasted with the off-axis orientation of connectors 1 12 when in the 
expanded diameter state of Fig. 7C. The smoother outer surface of stent graft 122 enhances 
the ease of insertion of the stent graft within a hollow body organ, such as blood vessel 1 82. 

Fig. 7D illustrates stent graft 122D of Fig. 5C tightly wrapped about placement 
catheter, 136A of Fig. 6C with the proximal end of stent graft 122D secured to outer catheter 
shaft 138 A and the distal end of stent graft 122D secured to inner catheter shaft 142A. Fig. 
7E illustrates the structure of Fig. 7D after pull wire 152B has been pulled to release the 
distal end of stent graft 1 22D. Soon thereafter pull wire 1 52 will be pulled to release the 
proximal end of stent graft 1 22D from outer catheter shaft 1 38A. Because of the width of 
each turn of stent graft 122D, each pull wire 152, 152B passes through two positions 199 
along an end of stent graft 122D to ensure that the stent graft lies tightly against catheter 
136A during delivery. 

As discussed above, stent graft 122D is placed in a radially contracted condition by 
rotating inner and outer catheter shafts 1 38A ,142A relative to one another. Once in position 
for deployment, catheter shafts 138A, 142A are rotated relative to each other to open stent 
graft 122D. Shafts 138A, 142A can also be moved longitudinally (axially) relative to one 
another to allow one to change the pitch and ensure that edges 1 35 of turns 137 of stent graft 
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122 will be adjacent to one another when fully deployed, as is often desired. At any point the 
operator can decide to retighten stent graft 1 22D, placing it in a radially contracted condition, 
to reposition the stent graft or change the pitch so long as pull wires 152, 1 52B have not been 
removed from the ends of the stent graft. Proper placement of the graft 122D, including 
ensuring that the edges lie adjacent to one another, can be aided by the used of radiopaque 
markers 121. See Fig. IE. 

Fig. 1 1 illustrates the placement of stent graft 122C within the true lumen 200 of an 
aortic arch 202 so to cover the entry 204 into a false lumen 206 created by an aortic 
dissection 208. Aortic dissections are of various type but all include a false lumen caused by 
separation of the lining, such as intimal lining 210, from the remainder of the wall, such as 
wall 212 of the hollow body structure, together with an entry formed through the separated 
lining into the false lumen. Aortic dissections, as well as other dissections, may be of the 
type with a single entry 204 or may include, for example, an entry and an exit. An 
alternative dissection 208A is suggested by the dashed lines in Fig. 1 1 indicating an 
extension of aortic dissection 208 from the solid line portion down to an exit 214 adjacent 
bifurcation 216. While it may be possible to close both entry 204 and exit 214 using one or 
more stent grafts, it may not be necessary or desirable. Also, it may not be necessary to 
cover either the entrance and/or any exit to a false lumen with the stent graft to effectively 
treat the dissection. Stent graft 122C also has dashed lines indicating the locations of rail 
elements 1 1 0 and connector elements 1 1 2 of the stent. 

Stent graft 122C is used with a thoracic level aortic dissection. Stent grafts may be 
used with dissections at other levels along aorta 218, such as at the abdominal level 220 or 
along the arch 222. When a stent graft is used at arch 222, or at other hollow body regions 
with one or more branches, stent grafts having one or more enlarged gaps, see Figs. 3, 4 and 
7C, may be used to help prevent obstruction of the branching vessel. 

Stent grafts, such as those of Figs. 5B and 5C, may be used to help repair various 
dissections other than aortic dissections. In particular, such stent grafts may be used for other 
types of vascular dissections and dissections in other hollow body organs within which 
dissections may be found. The dissections may be created as a result of non-penetrating 
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trauma or invasive trauma as well as biological reasons, such as disease, stress, congenital 
disorders, etc. 

Modification and variation can be made to the above described invention without 
departing from the subject of the invention as defined in the following claims. For example, 
connectors 1 12 could be oriented perpendicular to rail elements 1 10, graft material 124 could 
be placed upon only a portion of the underlying stent or on only one side of the underlying 
stent. Placement catheter 136 could include fewer or additional telescoping rotatable shafts. 
The telescoping shafts may not need to be coaxial shafts slidable within or over one another; 
the telescoping shafts could be, for example, solid and/or tubular elongate members 
positioned side-by-side. Holders 150 could be constructed differently; for example, if the 
sequence of releasing the prosthesis is known it may be possible to use a single pull wire 
instead of three separate pull wires. 

Any and all patents, applications, and printed publications referred to above are 
incorporated by reference. 
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